Objective: To test the hypothesis that caloric and fat intake in a pre-load meal have no subsequent effects upon blood glucose and insulin concentrations, perceived hunger, subsequent food intake and appetite control in lean and obese men. Design: Lean and obese men reported to the laboratory in the morning in a fasted state where they were subject to an eating test based on the pre-load ± test meal paradigm, using a double-blind protocol. The breakfast preload was either a reduced caloric low-fat (LF) meal or an overfeeding high-fat (HF) meal. LF was 20% of each individual's average daily energy requirement (ADER) and comprised 60% carbohydrate, 27% protein, and 13% fat, whilst HF was adjusted to yield 55% of the ADER, and comprised 45% carbohydrate, 22% protein and 43% fat. The pre-loads on both trials were administered as one single mean, and were given in a random order. After 5 1 2 h, an ad libitum test-lunch was given to determine how much energy was consumed. Between the two meals, blood samples were collected and subjective hunger ratings were assessed hourly. These variables were measured at 30-min intervals for 75 min after the ad libitum meal. Study participants: Twelve healthy men, six of whom were lean (BMI 22.50 AE 1.08 kg.m 2 ) and six of whom were obese (BMI 39.05 AE 11.63 kg.m 2 ) were recruited. Results: When given 55% of their ADER in a HF pre-load meal, the obese group consumed more energy (5426 AE 1126 kJ; F 1,20 11.45, P`0.01), than the lean group did (3473 AE 1114 kJ), accounting for 45% of the ADER in that meal setting. However, no differences between lean and obese intake were noted at the test meal following a LF pre-load. The lean group exhibited a signi®cant inverse correlation (r 0.628, P`0.05) between serum insulin concentration before eating the test meal and the amount of energy consumed at the test meal, while such a relationship was absent in the obese group. Conclusion: The obese males were unable to compensate for the caloric overloading when fed a HF (55% ADER) pre-load at a subsequent test meal, whereas a calorically reduced pre-load (20% ADER) produced similar intakes to the lean control group. The inverse relationship noted in the lean group between insulin levels before the test meal and the energy intake at that test meal suggests that insulin may play a role in the regulation of appetite ± satiety mechanism in lean males. The absence of such a relationship in the obese may suggest the site for possible appetite dysfunction contributing to obesity. These results further suggest that when obese individuals consume a high-fat meal they are prone to passive overconsumption, whereas lean study participants appear to be more resistant to such a phenomenon.
Introduction
Obesity is currently exploding into a chronic epidemic in the modern world (Popkin & Doak, 1998) , with more than one-third of Americans currently classi®ed as overweight (Flegal et al, 1998) , and the incidence of obesity continues to increase throughout the developed world (Popkin & Doak, 1998 , Maillard et al 1999 National Audit Of®ce, UK, 1999) . The fundamental aetiology of the obese state occurs as a consequence of excessive caloric ingestion relative to caloric expenditure (Lissner et al, 1987; Blundell, 1991; Blundell et al, 1994; Hill & Prentice, 1995; Bouchard, 1996; Blundell & King, 1996) . Based on this premise, it may be assumed that lean individuals enjoy a state of ideal energy regulation, and coupled to this is that the regulation of caloric intake in humans lies in the intrinsic control of appetite (Blundell, 1991; Verboeketvan de Venne & Westerterp, 1996) . Similarly, it may be inferred that the chronic positive energy balance of the obese state is primarily the result of appetite dysfunction.
The notion of dysfunctional appetite control as a factor contributing toward obesity has gained momentum over the past 45 y (Mayer, 1955; Spiegel, 1973; Kissileff et al, 1984; Rolls et al, 1991; Cotton et al, 1994; Blundell & Macdi armid, 1997) Factors in¯uencing the control of appetite include the frequency with which foods are eaten (Wooley, 1971; Drummond et al, 1998; , as well as the macronutrient value of foods that yield speci®c sensory responses (Drewnowski et al, 1983; 1992; Rolls et al, 1991; Poppitt et al, 1998a) .
Whilst the vast majority of epidemiological studies performed have linked high-fat diets with the development of obesity (Golay & Bobbioni, 1997; Lissner et al, 1987; Blundell & Macdiarmid, 1997; Ravussin & Tataranni, 1997; Seidell, 1998) , Willett (1999) provides substantial evidence that this may not necessarily be the case. The direct relationship between dietary fat consumption and the incidence of obesity may be a consequence of the relative ease with which excessive caloric intake on a high-fat diet occurs. This is primarily due to the high energy density of fat, but also can be attributed to its increased palatability and hedonistic desire to over-consume these tasty, highdensity foods. The latter is referred to as passive overconsumption (Lawton et al, 1993; Prentice & Poppit, 1996; Blundell & Macdiarmid, 1997) .
In the cascade theory of satiety, Blundell et al. (1994) postulated that appetite regulatory mechanisms worked as well in both lean and obese population groups, which would suggest it may only be their preference for foods that differentiates lean from obese groups. Recent evidence has shown, however, that lean and obese people may not necessarily self-select diets with different perceived sensory or hedonic attributes (Cox et al, 1999) . Accordingly, in an attempt to determine whether indeed any physiological difference(s) exists in the appetite regulatory mechanisms between lean and obese males in their responses to variable macronutrient foods, the current experiment was designed to determine whether lean and obese males physiologically recognize pre-loads of different caloric and macronutrient content and compensate appropriately at the next meal. We hypothesize that obese males are less able to differentiate covert manipulation of energy content and control appetite than lean counterparts. As a corollary of testing this hypothesis, there was the ability to investigate possible metabolic and endocrinological factors contributing to the passive overconsumption observed with high-fat diets in the aetiology of appetite dysfunction leading to obesity (Rolls et al, 1994; Blundell & Macdiarmid, 1997) . Although components of this question (ie the role of macronutrients on appetite regulation) have been previously addressed (Wooley et al, 1975) in lean females (Poppitt et al, 1998a) , and in both lean male (Rolls et al, 1991; Stubbs et al, 1996) and lean female study participants (Rolls et al, 1991 (Rolls et al, , 1994 , as well as obese females (Rolls et al, 1994) , to our knowledge, no study has combined these simultaneously with endocrine assessments in both lean and obese males.
Materials and methods

Study participants
Twelve healthy, non-diabetic men were recruited from the general population by means of community advertisements to participate in this study. Of the 20 respondents, eight men were either not comfortable with the venipuncture, or were unavailable on the days of testing, and consequently 40% were rejected prior to commencing the study. All study participants were screened for eating restraint via the Dutch Eating Questionnaire (Van Strien et al, 1986) , which is aimed at three basic categories, viz external motivation to eat, emotional eating, and restrained eating patterns. There were two groups of study participants: lean and obese, and the men were characterized as lean if BMI`23 kg.m 2 and obese if BMI b 30 kg.m 2 . The characteristics of these study participants are shown in Table 1 . This study was approved by the Ethics Committee of the University of the Witwatersrand (Clearance number M960425), and informed consent was obtained from all volunteers.
Protocol
The experiment was designed to address two principle objectives: ®rstly, whether lean and obese males physiologically recognize pre-loads of different caloric and macronutrient content and compensate appropriately at the next meal; and secondly whether metabolic and endocrinological factors contribute to the passive overconsumption as an aetiological factor in appetite dysfunction leading to obesity.
The men reported to the laboratory on one occasion when they were informed partially of the nature of the experiment, and screened for eating restraint. They were not informed that the study would examine appetite control, but merely that the effects of eating on blood variables and perceived mood and hunger would be assessed. Body mass (accurate to 0.1 kg, Mettler TEaJ, Zurich, Switzerland) and height (accurate to 0.1 cm, SECA, Germany) were also measured.
The effects of altering energy content and macronutrient composition of the pre-load on subsequent appetite was assessed by covertly monitoring subsequent food intake at the ad libitum test meal. Putative physiological mechanisms were explored by also monitoring changes in plasma glucose and serum insulin concentrations at regular intervals throughout the treatment period. In addition perceived hunger was also monitored at these times.
The men were randomly divided into two treatment groups (low fat, LF, and high fat, HF) determining the order of their experimental meal treatment, such that meal treatment was randomized and all study participants received the two meal treatments over the next two visits to the laboratory. Upon each visit, the men reported to the laboratory in the fasted state at 07:00. They were asked to complete their dinner meal the night before no later than 22:00, and to abstain from all alcohol consumption for 24 h beforehand. They were given a pre-load meal of covertly manipulated variable fat and energy intake.
In the underfeeding trial, LF study participants received 20% of their average daily energy requirement (ADER) as a pre-load meal; whereas in the overfeeding trial (HF), 
Where A is age (y), W is weight (kg), and H is height (cm). The underfeeding caloric value of 20% ADER was selected on the rationale of a prudent dietary guideline which suggests ®ve meals per day, with each meal composing 20% ADER. As such, we felt that the physiological responses to meals with this energy content were relevant. The 55% selected in the HF pre-load treatment was chosen because it represented an intake of more than half daily requirements at one meal. We predicted that lean study participants would regulate subsequent energy intake in response to the different pre-loads to maintain intake at $ 50 ± 60% of ADER. Using the premise of appetite dysfunction, we anticipated that the obese group would consume more energy than the lean group; due to the paucity of data in this ®eld, we were uncertain of the exact quantity of the excessive intake.
Five hours after the pre-load meal, an ad libitum test meal was given and the amount of food consumed and the time taken to eat were covertly monitored. At hourly intervals throughout the 5 h period between the two meals, and for 30 min after the test outcome meal, blood samples were collected and visual analogue scores (VAS) on appetite and hunger ratings were completed. These same variables were collected and recorded at 30 min intervals for 90 min after completion of the ad libitum test meal.
Pre-load meals
Study participants were told to consume the entire pre-load given, as a single meal over no more than a 20 min period. In both the HF and LF pre-loads, the meal consisted of a broccoli and chicken bake, fruit juice, ice cream and a chocolate snack. The LF pre-load, used low-fat`Slimmer's Choice' ice-cream and a carob rice cake and fruit juice diluted with water, whereas in the HF pre-load cream was added to the entre Âe, full-cream ice-cream was used and a high-fat`Mars' chocolate bar was given as the snack (Table 2 ).
The test meal
Five hours after consuming the ®rst pre-load meal, a test meal (Table 2) was supplied ad libitum. The test meal composed of a prepared cottage pie and orange juice, of which the initial weights were known. The test meal was eaten in isolation, and study participants were informed to eat as much as they wanted for as long as they wanted. They were unaware that the quantity of food ingested was being monitored in any way.
Blood collection
Prior to starting each trial, on on-line catheter was inserted into the antecubital vein for the drawing of blood samples: the catheter was kept patent by the constant infusion of 0.9% sodium chloride (normal saline) (Sabax, Johannesburg); not more than 100 ml of saline was infused on either trial. Whole blood (5 ml) was drawn at each period and put into prepared tubes (plasma had potassium oxalate as a metabolic inhibitor, and serum had a normal clotting factor) and centrifuged at 5000 rpm for 20 min for plasma and serum collection. These samples were immediately frozen and stored at 7 70 C until assayed. Plasma samples were assayed for blood glucose levels using the Glucose (Hexokinase) method Catalogue no. 0SR6121 (Sclavo Spa, Siena, Italy). Serum samples were assayed for insulin levels using the Coat-A-Count 1 method 91145 via 125 I radioimunnoassay (Diagnostic Products Corporation, Los Angeles, CA, USA).
Scores for satiety
Subjective satiety and hunger were assessed through means of three VAS scales that accounted for the degree of changes in the following factors: hunger; thoughts of the amount of food that could be eaten; and the urge to eat (Hill et al, 1984) . The VAS scales were all 100 mm in length, and were anchored at either extremity with terms indicating extremes. In analysis of the data, the mid-point of the 100 mm line (ie 50 mm) was arbitrarily assigned as the neutral line (Jenkins et al, 1992) . The value determined in this manner was then converted into a percentage of the extreme being measured, and subsequently analyzed as such.
Statistical methods
Changes in plasma glucose, serum insulin over time, and changes in VAS ratings were statistically tested using the multiple analysis of variance (MANOVA) for repeated measures, and the Tukey Honest Signi®cant Different (HSD) test was used as an ad hoc test for differences between means. The data on time taken to consume the adlibitum meal, the weights of food consumed, the amounts of energy consumed at that meal, and the areas under the respective insulin graphs were compared by means of a two-way ANOVA. Pearson's correlation (Figure 3 ) analyses were used to determine the correlation between serum insulin concentration immediately before the test meal and the amount of energy consumed at the meal (energy consumed was the dependent variable; insulin was the independent variables). All statistical tests were conducted using the software package STATISTICA, (Statsoft, Tulsa, OK, USA). In the text, tables and graphs, data are presented as means AE standard deviation (s.d.) of the mean. Data were considered statistically signi®cant at P`0.05. 
Results
Subject characteristics
The average weights of study participants in the two groups were signi®cantly different (Table 1) ; (t 2.8, P`0.05) and these differences were also re¯ected in measurements of both BMI (t 3.5, P`0.01) and in waist:hip ratios (t 3.91, P`0.01; Table 1 ). When the ADER values were calculated, no differences (P b 0.05) were noted in the absolute values due to the increased physical activity levels (P values in the Harris ± Benedict equation); however, when these values were corrected for body weight, the lean group had a higher (P`0.01) energy requirement relative to body weight (lean, 156.8 AE 6.4 vs obese, 98.1 AE 7.7 kJakgaday). The lean group had signi®cantly lower (P`0.01) scores on the Dutch Restrained Questionnaire in all three factors: the lean group scored an average of 2.65 AE 0.88 on the external motivation (t 3.1) toward eating compared to the 3.18 AE 1.05 posted by the obese group. The lean group also scored lower (t 5.29) on their emotional responses to eating (1.62 AE 0.77) compared to the obese group (2.65 AE 1.53), and ®nally, the lean group was less restrained (t 3.8) in their eating habits and attitudes (2.30 AE 1.29) compared to the obese group (3.08 AE 0.96, Table 1 ).
The pre-load period Plasma glucose responses. Although baseline glucose concentrations on all trial days for the two groups were similar and were within normal ranges (5.2 AE 0.4 and 5.2 AE 0.6 mmolal in the lean group, and 5.4 AE 0.7 and 5.9 AE 0.5 mmolal in the obese group), plasma glucose concentrations after the pre-load were signi®cantly higher in the obese group and remained elevated for a longer period than those of lean participants (F 1,20 13.6, P`0.01; Figure 1 ). Elevation in glucose concentration was substantially greater on the HF diet (Figure 1) .
Serum insulin responses. The lean group's fasting insulin concentrations (9.9 AE 2.9 and 12.4 AE 4.3 mUaml for LF and HF treatments, respectively) were lower (P`0.01) than those at the start of both trials in the obese group (34.9 AE 12.9 and 32.7 AE 12.0 mUaml for LF and HF treatments respectively).
Insulin responses to the pre-load meals were signi®-cantly different (F 1,20 43.38, P`0.01) insofar as the HF treatment induced a greater response in serum concentrations compared to the LF treatment in both lean and obese men. In the obese group, however, the insulin response to the JF treatment was considerably greater and remained elevated over the 315 min period between meals (F 6,120 11.07, P`0.01), whereas in the lean group insulin was elevated above baseline for only the ®rst hour after consumption of the pre-load.
When the areas under the insulin curves were calculated, the lean group's area (3945 AE 2450 and 4970 AE 2134 mUaml 315 min for the LF and HF treatment pre-load periods, respectively) was shown to be less (F 1,20 23.36, P`0.01) than that of the obese (9215 AE 6790 and 18524 AE 5862 mUaml 315 min for the LF and HF treatment pre- Areas under the insulin curvies in lean (j) and obese (u) males in response to the varied macronutrient pre-loads (top), and following the ad libitum test meal (bottom). The relative insulin secretory rates (mUamlamin) in the two phases of the treatments are depicted on the right. **P`0.01 and *P`0.05 between lean and obese groups, and a P`0.05 between HF and LF treatments.
Passive overconsumption and hyperinsulinaemia DP Speechly and R Buffenstein load periods respectively), and further, the area under the insulin curve in the LF trial was less (F 1,20 7.04, P`0.05) than that in the HF trial (Figure 2 ).
Visual analogue scales. All baseline hunger rating scores between the two groups on the two caloric eating patterns were similar (P b 0.05). However, over the pre-load period (on both treatments), the obese group showed signs of becoming hungrier (F 6,120 2.42, P`0.05) relative to those hunger ratings recorded by the lean group. Both groups reported similar responses (P b 0.05) in their VAS scores to both the question on how much they felt they could eat at that instant and also on the urge to eat at the start of the experiment. Similarly the responses were the same (P b 0.05) throughout the pre-load period from both groups, however in both groups these responses changed over time (F 6,120 23.41, P`0.01); (Figure 3 ).
Food, energy and macronutrient intakes in test meal
When given 20% of their ADER in the pre-load meal, there were no differences (P b 0.05) in the amount of energy consumed by the two groups at the test meal, despite signi®cant differences in ADER (Figure 4) . However, in the overfeeding HF pre-load with 55% ADER was given, the obese group consumed 1.66 more energy (5426 AE 1126 kJ; F 1,20 11.45, P`0.01) than the lean group did (3473 AE 1114 kJ; Figure 4 ). The lean group consumed 28% of their ADER at the test meal whereas the obese group consumed 44.4% of their predicted daily requirements at the test meal.
Analysis of the time taken to consume the ad libitum test meals revealed no differences (P b 0.05) between the lean and the obese groups on either caloric treatment. Further statistical analysis failed to reveal a difference (P b 0.05) in the rate of consumption of the meals between the groups (Table 3) .
The post ± ad libitum test meal period Plasma glucose responses. There were no differences in glucose concentrations immediately before the consumption of the test meal, but the obese group's plasma blood glucose response to the test meal was greater than that observed in the lean group (F 1,20 21.51, P`0.01). There was an interaction in glucose responses between the LF and HF patterns insofar as the intervention of different meals (caloric and macronutrient based) affected plasma glucose concentrations differently in the lean and obese groups Figure 3 The effect of varied macronutrient pre-loads on visual analogue scales (VAS), in hunger ratings (top); the amount perceived could eat (middle); and the rating on the urge to eat (bottom) between lean (j) and obese (s) males. (m) HF pre-load, (n) LF pr-load, and ( ) ad libitum lunch meal.
$ P`0.05 between lean and obese groups over the pre-load period. Passive overconsumption and hyperinsulinaemia DP Speechly and R Buffenstein (F 1,20 9.38, P`0.01). Furthermore, the blood glucose responses in the underfeeding LF trial were¯atter than those in the overfeeding HF trial (F 1,20 3.12, P`0.05; Figure 1 ).
Serum insulin concentrations.
In both treatments, the obese group's insulin concentration rose higher (F 1,20 19.51, P`0.01) than that noted in the lean group. Accordingly, the areas (8875 AE 7836 and 5739 AE 3504 mUaml 75 min for LF and HF, respectively) under the obese group's insulin curves in this 75 min period were greater (F 1,20 8.51, P`0.01) than those areas under the lean group's insulin curve (2980 AE 1067 and 1269 AE 980 mUaml 75 min for LF and HF, respectively).
As with the plasma glucose responses, the ad libitum meal induced an associated interaction effect (F 3,60 4.64, P`0.01) in the insulin responses between the two groups over the 75 min post-lunch period: the difference in response to eating the lunch (Figure 1 ).
Visual analogue scores. In all three factors used to determine subjective appetite and satiety, there were no differences between lean and obese noted at any of the time intervals at which these ratings were assessed. However all VAS responses changed (P`0.01) over the course of the 75 min after lunch (Figure 2 ).
Relating serum insulin concentration to energy consumption. When serum insulin levels immediately before lunch were related to energy consumption at the lunch meal, there was a signi®cant inverse correlation (r 7 0.628; P`0.05) between the serum insulin concentration in the lean group and the amount of energy consumed at the ad libitum meal. Although there was a tendency for the obese group to show a negative correlation (r 7 0.314), this was insigni®cant (P b 0.05; Figure 5 ).
Discussion
Signi®cant differences were evident in the ability of the lean and obese group to detect the caloric changes between the two pre-load treatments (Figure 4 ). The lean group regulated their intake at the test meal to inversely correspond with the energy content of the pre-load while the obese group showed no indication of any ability to detect caloric differences in the pre-load, and therefore did not compensate accordingly at the next meal. The subsequent hyperphagia observed in the obese group on the HF treatment resulted in the consumption of 56.4% more than their lean counterparts. Furthermore, the obese group consumed this excess without subjectively considering themselves to be particularly hungry immediately prior to the test meal (Figure 3 ), despite the obese group having a greater restraint with regards their eating pattern (Table 1 ). This ®nding suggests that if anything, if the obese group had similar DRQ pro®les to the lean group, the obese group may have consumed even more food at the test meal than they actually did. Due to the relatively small number of individuals who participated in this trial, the statistical power is relatively low, and accordingly, caution has been taken in the reporting of signi®cant ®ndings. A key observation was the hyperglycaemia noted in the obese group in the pre-load period (Figure 1 ) compared to the lean group in the same period. This hyperglycaemia remained despite the dramatically elevated serum insulin levels throughout the 315 min pre-load period, thus suggesting reduced insulin sensitivity on the part of the obese group. The hyperinsulinaemia observed in the obese group in response to both HF and LF pre-loads has been previously widely reported (Eckel, 1992; Friedman, 1998) . Eckel (1992) postulated that the insulin resistance noted in an obese population is an adaptation for weight maintenance in so far as the reduction in insulin action affects metabolic fuel partitioning that would prevent further weight gain. The differences noted in metabolic and endocrinological function between the lean and the obese group in the current study suggest that one, or both of these variables may be linked to ingestive behaviour.
Any system that regulates itself within the con®nes of control requires a negative feedback of a variable that is linked to the function requiring the control (Friedman, 1998) . In the current example of feeding behaviour, as food is consumed, nutrients are absorbed into the blood and although a degree of these nutrients diffuse into the working cells, the majority of these nutrients require insulin for their active transport into the cells (et al, 1963) . It is an attractive theory to suggest that blood glucose¯uctuations exert control over appetite and it has been shown convincingly that high carbohydrate diets ensure well-regulated blood glucose concentrations, with the concomitant control over appetite (Mayer, 1955; Blundell et al, 1994; Raben et al, 1996) . Serum insulin is strongly implicated in the control over blood glucose and consequently appetite, and is only ever elevated in the absorptive state, indicating postprandial conditions. Yet, the obese group exhibits an elevated basal insulin concentration, and reduced insulin sensitivity. This reduced insulin sensitivity in obese males is highlighted when the areas under the insulin curves are considered ( Figure 2) ; although both lean and obese groups were fed similar caloric pre-loads of similar macronutrient Passive overconsumption and hyperinsulinaemia DP Speechly and R Buffenstein content (Table 2) , the obese group required more insulin over the pre-load period for the transport of nutrients (glucose) from the blood than the lean group did. The effect that the dramatic rise in serum insulin, with the concomitant delay in its return to baseline values has on subsequent food intake in a group of obese males may interfere with caloric regulatory mechanisms. The lean group exhibited initial rises in serum insulin following the pre-load bolus, and then returned to close to baseline fairly quickly, and they consumed less energy which is further reinforced by the inverse correlation. An interesting point to note was the absence of concomitant appetite differences as a driving force in the stimulation of appetite before the test meal between the lean and obese groups (Figure 3 ), yet the lean group exhibited greater control over appetite in terms of consequential food consumption at the test meal. The role that insulin plays in appetite and satiety has received considerable attention in the past few years. Some investigators report greater satiety sensations post-prandially with a lower insulin level (Holt et al, 1992; Holt & Brand Miller, 1995; Lavin & Read, 1995) , whilst others describe opposite effects: a higher serum insulin concentration has been linked to heightened satiety in baboons (Steffens et al, 1988; Woods et al, 1979 Woods et al, , 1984 , rats (Woods, 1997) , and in humans . In studies investigating insulin treatment in rats, insulin replacement reportedly induces hyperphagia, and counteracts the satiating effect of high-fat meal in both normal and diabetic rats (Friedman, 1977) . Our data concur with those reported in Frideman's (1977) rat model and may indicate that insulin alters the behavioural response in humans to a high-fat meal through its effects on the metabolism of the ingested fat. Furthermore, our ®ndings suggest that hyperinsulinaemia could foster hyperphagia, especially when a high-fat diet is consumed.
The glucose-fatty acid cycle (Randle et al, 1963) suggests that either glucose or free fatty acids are being oxidized at any one time, and the absence of glucose oxidation would indicate a post absorptive state (Friedman, 1998) . Normally, the post-absorptive state would coincide with increased appetite, with a concomitant drive to eat, and it follows that the swing between the absorptive and post-absorptive state would suggest the swing between hunger and satiety. Within this model, insulin may play an integral role as a regulating onaoff switch in this pathway and thus regulate feeding behaviour according to its intrinsic link to the feeding process. The ®ndings in our current study suggest that lean males may possess a mechanism, like that described above, which incorporates insulin in the regulation of energy intake. Furthermore, this mechanism may have become dysfunctional in our obese study participants. Evidence supporting this premise includes reduced insulin sensitivity with the hyperinsulinaemic state further exacerbating this dysfunction. Clearly this is highly speculative and further research is required in this ®eld.
At ®rst, the ®nding that the obese group consumed more energy at the test meal than the lean group, both in terms of absolute energy intake and also as a percentage of their ADER, would appear blatantly obvious: based on the premise of overconsumption as an inductive factor in obesity this would have to be the case. However, the majority of studies that have investigated dietary intake and obesity show weak, or no correlations between energy intake and body weight. This lack of relationship in intake and obesity can only be ascribed to dietary under-reporting, as reported by numerous authors (Bellisle et al, 1997; Poppitt et al, 1998b; Voss et al, 1998) . In this study it appeared that, although there was no change in how the obese group recorded their subjective hunger ratings, considerably more was eaten at the test meal when given a calorically loaded pre-load. This could be attributed to the difference in macronutrient content on the two pre-loads.
A full understanding of the differences in the macronutrient values of the pre-loads should be considered within the concept of the`sugar ± fat see-saw' (Blundell & Macdiarmid, 1997) : a situation where the manipulation of either carbohydrate or fat affects the other proportionately. Thus, the LF trial could just as easily been referred to as the highcarbohydrate trial, and the HF trial the low-carbohydrate trial. A great deal of work has gone into the understanding of the effect of altered macronutrient value on energy intake and, consequently, the induction and maintenance of obesity. Some studies in rats have shown that glucoseand sucrose-induced overeating have led to obesity (Hirsch & Walsh, 1982; Kanarek & Marks-Kaufman, 1979 ) as a result of the appetite-stimulant effect of sucrose, but the full extent of de novo lipogenesis from carbohydrate is as yet to be con®rmed (Hill & Prentice, 1995; Friedman, 1998) . However, the majority of the evidence supports the notion that increased carbohydrate ingestion enhances carbohydrate oxidation, preventing lipogenesis (Randle et al, 1963; Friedman & Tordoff, 1986; Raben et al, 1996) . When the study participants in the current study were given the low-fat, high-carbohydrate pre-load of only 20% of their ADER, there were no differences in the amount of energy that was consumed at the test lunch meal between the lean and the obese groups (Figure 4) . The prevalent use of carbohydrate fuels rather than fat substrates (or lipogenesis) may contribute to the observed enhanced control over appetite with the higher carbohydrate diet, in keeping with previous reports of better control of appetite on a high carbohydrate diet (Rolls et al, 1991; Raben et al, 1996; Poppitt et al 1998a) . Although the lean participants in the current study consumed more than we had initially anticipated when fed the HF treatment, they did consume less than when they consumed only 20% of their ADER and, furthermore, they did exhibit greater control in consequent energy intake compared to their obese counterparts (Table 3 ). This ®nding is reinforced by the ®nding of Rolls et al (1994) , which show that lean individuals exhibit a weak regulation in response to the ingestion of high-fat foods.
The ®nding that obese males consume more (than their lean counterparts) at a subsequent meal after a high-fat calorically overloaded pre-load (Figure 4 ) was the expected outcome based on postulates in the literature on covert manipulation of dietary fat leading to passive overconsumption Stubbs et al, 1995; 1996) , where the obese population has been shown to exhibit an elevated preference for fat in foods (Drewnowski & Greenwood, 1983; Mela & Sacchetti, 1991; Drewnowski et al, 1992; Drewnowski 1997; Cooling & Blundell, 1998) . Blundell and Macdiarmid (1997) proposed the`fat paradox' where increased fat ingestion potentiates the perpetual increased intake of fat, even though it has an ability to invoke strong satiety signals at an intestinal level (Welch et al, 1985) . These authors postulate that such a paradox is thè fat-induced satiety and high-fat hyperphagia'. Lawton et al Passive overconsumption and hyperinsulinaemia DP Speechly and R Buffenstein (1993) found that the effect of obese individuals eating high-fat foods dramatically increased the size of the meals (increased energy content).
In conclusion, the data obtained in the current study suggest that obese males are more prone to the appetitepotentiating effects of a high-fat diet, and lean males are not. It would appear that the mechanism responsible for the regulation of ingestive behaviour appears to work equally well in both lean and obese groups with low-fat foods, and breaks down on a high fatahigh energy diet. Furthermore, our observations suggest that in lean males insulin plays a signi®cant part in the control over appetite and satiety, whereas this relationship is absent in obese males. The latter may be a direct consequence of chronic hyperinsulinaemia observed in obese individuals. However, further investigation is required to con®rm the mechanisms behind the observed response.
